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ABSTRACT 

The Space S h u t t l e ,  o p e r a t i n g  i n  t h e  s o r t i e  mode, has  
t h e  p o t e n t i a l  t o  p rov ide  an e n t i r e l y  new way of performing 
s c i e n t i f i c  r e s e a r c h  and eng inee r ing  r e s e a r c h  and development 
i n  space .  The s o r t i e  mode i s  d e f i n e d ,  and then  d i scussed  i n  
t h e  c o n t e x t  of a "good" r e sea rch  program. 
d e s c r i b e d  i s  having  t h e  fo l lowing  key f e a t u r e s :  

The sor t ie  mode 

0 Economical 

0 Many F l i g h t  Oppor tun i t i e s  

0 F l e x i b l e  

Wide P a r t i c i p a t i o n  

I n  o r d e r  t o  provide  t h e s e  features ,  t h e  S h u t t l e  must conform t o  
c e r t a i n  o p e r a t i o n a l  and des ign  r equ i r emen t s ,  which c o n s i d e r  t h e  
so r t i e  mode as a major use of t h e  S h u t t l e .  
ments i s  t h e  c a p a b i l i t y  t o  s u s t a i n  seven t o  t e n  s c i e n t i s t s  o r  
eng inee r s  on -o rb i t  f o r  t w o  t o  four  weeks. 

Among these r e q u i r e -  .r 
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I n  suppor t  of t h e  NASA Experiments Management 
Working Group, headed by L. Scherer/MAL, a p r e s e n t a t i o n  was 
given on  May 4 by t h e  au thor .  I t  i s  f e l t  t h a t  t h e  Space 
S h u t t l e  experiments  should  be managed q u i t e  d i f f e r e n t l y  than  
a r e  t h e  Skylab experiments .  One o f  t h e  g r e a t e s t  p o t e n t i a l i t i e s  
of t h e  S h u t t l e  i s  i t s  o p e r a t i o n  i n  t h e  " sor t ie  mode". T h i s  
t ype  o f  o p e r a t i o n ,  p a t t e r n e d  a f t e r  N A S A ' s  h i g h l y  s u c c e s s f u l  
a i r b o r n e  r e s e a r c h  program, is  e n t i r e l y  new t o  space r e s e a r c h .  

The fo l lowing  t e x t  was prepared  i n  suppor t  o f  t h e  
o r a l  p r e s e n t a t i o n .  

I. INTRODUCTION 

Herein I addres s  t h e  p o t e n t i a l  o f  t h e  Space S h u t t l e  
s o r t i e  mode t o  s c i e n t i f i c  r e sea rch  and t o  e n g i n e e r i n g  research 
and development i n  space.  My vantage p o i n t  i s  t h a t  of a 
s c i e n t i s t ,  b u t  m o s t  o f  t h e  arguments based on s c i e n t i f i c  
r e s e a r c h  apply  e q u a l l y  w e l l  t o  eng inee r ing  R&D.  

Two t e r m s  which must be de f ined  are ' ' s o r t i e  mode" 
and "good r e s e a r c h " .  

S o r t i e  Mode: This  i s  a mode of S h u t t l e  o p e r a t i o n  
wherein d i s c i p l i n a r y  i n v e s t i g a t o r s  ( s c i en t i s t s ,  g radua te  
s t u d e n t s ,  e n g i n e e r s ,  t e c h n i c i a n s )  go i n t o  space w i t h  t h e i r  
own appa ra tus .  The experiments  which they  conduct are 
economical;  due p r i m a r i l y  t o  t h e i r  p e r s o n a l  p re sence ,  maximum 
u s e  o f  o f f - t h e - s h e l f  and r e u s a b l e  equipment,  and minimal docu- 
menta t ion  and t e s t i n g  requirements .  The i n v e s t i g a t i o n s  which 
they  c a r r y  o u t  are f l e x i b l e ,  because t h e  S h u t t l e  can achieve  
a v a r i e t y  of o r b i t s  and because t h e  i n v e s t i g a t o r s  are there 
wi th  t h e i r  equipment a b l e  t o  respond i n  real  t i m e  t o  unexpected 
r e s u l t s .  
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Good Research: For r e sea rch  t o  be p roduc t ive  - a t  
t h e  f o r e f r o n t  of p r o g r e s s  - it mus t  have t h r e e  e s s e n t i a l  
e lements :  it must be t i m e l y ;  i t  must be  f l e x i b l e :  i t  must 
be compe t i t i ve .  The same e l e m e n t s  d e f i n e  good e n g i n e e r i n g  
development. 

H i s t o r i c a l l y ,  ou r  space r e s e a r c h  h a s  n o t  con ta ined  
t h e  above e lements .  Up u n t i l  now, ou r  r e s e a r c h  has  been 
p r o d u c t i v e  because it has  been i n  a t o t a l l y  new environment: 
i t  has been t ime ly  because i t  has been " f i r s t " .  Only sounding 
r o c k e t s ,  b a l l o o n s ,  and a i r p l a n e s  have provided r e s e a r c h  which 
has  been f a i r l y  compet i t ive  and h a s  had r e l a t i v e l y  s h o r t  l e a d  
t i m e s .  

T h e  so r t i e  mode has  t h e  p o t e n t i a l  t o  provide  a major 
new way of doing space r e s e a r c h ,  and w e  should  be a b l e  t o  
p e r f o r x  s c i e n t i f i c  r e s e a r c h  and eng inee r ing  r e s e a r c h  and 
development which i s  t ime ly ,  f l e x i b l e  and compe t i t i ve .  

11. FEATURES OF SORTIE MODE 

The S h u t t l e  can provide  an i d e a l  p l a t f o r m  f o r  good 
research i n  space ,  s i n c e  it has  t h e  p o t e n t i a l  f o r  t h e  fo l lowing  
f e a t u r e s  : 

Economical 

Many F l i g h t  Oppor tun i t i e s  

F l e x i b l e  

Wide P a r t i c i p a t i o n  

I w i l l  d i s c u s s  t h e s e  below. 

Economical: I t  i s  impor tan t  t h a t  t h e  " s o r t i e  module", 
which carries t h e  i n v e s t i g a t o r s  and t h e i r  equipment i n  t h e  
S h u t t l e  payload bay, be  as simple as p o s s i b l e .  I t  should  n o t  
be e r e c t a b l e  and should n o t  be capable  of e x i s t i n g  independent ly  
of  t h e  S h u t t l e .  Because, e s p e c i a l l y  i n  t h e  f i r s t  f i v e  o r  more 
y e a r s  of a l l - u p  S h u t t l e  o p e r a t i o n ,  t h e  s o r t i e  mode w i l l  be  
ex t r eme ly  impor t an t  (account ing  f o r  a l a r g e  pe rcen tage  of t h e  
f l i g h t s ) ,  t h e  s o r t i e  module should no t  be a l a t e r  development, 
b u t  e i t h e r  p a r t  o f  t h e  S h u t t l e  development o r  a c o n c u r r e n t  
development . 
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The so r t i e  module can provide  f u r t h e r  economies and 
s a f e t y  f o r  s c i e n t i f i c  research and e n g i n e e r i n g  development by 
having  s t a n d a r d  on-board equipment ( r e c o r d e r s ,  p u l s e  h e i g h t  
a n a l y z e r s ,  computer) and s tandard  i n t e r f a c e s  ( a i r l o c k s ,  power, 
d a t a ,  c o o l i n g ) .  

Experimentat ion can be l o w  c o s t  because ,  i n  a d d i t i o n  
t o  t h e  above economies, t h e  appara tus  can be  borrowed, o r  be 
r e u s a b l e ,  and have a s h o r t  development t i m e .  Bread-board 
appa ra tus  can be flown. 

Many F l i g h t  Oppor tun i t i e s :  The frequency of  S h u t t l e  
f l i g h t s  should  permi t  experiments t o  be flown on ra ther  s h o r t  
n o t i c e .  I t  w i l l  pe rmi t  t h e  r e f l i g h t  of experiments;  because 
they  have f a i l e d  o r  because they have been so  s u c c e s s f u l .  I t  
should  pe rmi t  a much more r e l i ab ly - schedu led  f l i g h t  d a t e ,  which 
i s  p a r t i c u l a r l y  necessa ry  for  some b i o l o g i c a l  expe r inex t s .  

F l e x i b l e :  The i n v e s t i g a t o r ,  b e i n g  on-board wi th  h i s  
r e l a t i v e l y  conven t iona l  appara tus  ( t h a t  i s ,  n o t  h i g h l y  m i n i a t u r i z e d  
and au tomated) ,  can a l t e r  it o r  i t s  o p e r a t i o n  d u r i n g  f l i g h t .  
sor t ie  f l i g h t  i s  capable  of accommodating a w i d e  v a r i e t y  of  
i n v e s t i g a t i o n s  by s c i e n t i s t s ,  eng inee r s  and t e c h n i c i a n s  from 
many d i s c i p l i n e s .  S p a c e c r a f t  a t t i t u d e  should  be f r e e l y  a l te rab le ,  
and a v a r i e t y  o f  d i f f e r e n t  o rb i t s  should be o b t a i n a b l e  a t  launch.  

A 

Wide P a r t i c i p a t i o n :  Because of t h e  abijve t r a i t s  
(economy, oppor tun i ty  and f l e x i b i l i t y ) ,  t h e r e  w i l l  be a l a r g e  
number of p a r t i c i p a n t s .  Low c o s t  exper imenta t ion  w i l l  permi t  
t h e  suppor t  of a l a r g e  number of r e s e a r c h  teams, provid ing  
t h e  compet i t ion  t h a t  r e s u l t s  i n  keen research and development. 
Once t h e  S h u t t l e  has  proven i tself  t o  be capable  of t h i s  k ind  
of o p e r a t i o n ,  t h e  demand should be very g r e a t .  I imagine the 
number o f  sor t ie  f l i g h t s  w i l l  be l i m i t e d  n o t  by demand o r  u s e f u l  
work t o  be accomplished, b u t  only by t h e  money a v a i l a b l e  t o  
fund so many f l i g h t s .  A s u c c e s s f u l  s o r t i e  mode means t h a t  man 
i n  space  o p e r a t i n g  p roduc t ive ly  becomes a common r e a l i t y .  

111. SHUTTLE ATTRIBUTES ENVISIONED - D E S I G N  CONSTRAINTS 

I c o n s i d e r  t h e  fo l lowing  t h r e e  a t t r i b u t e s  key t o  t h e  
sortie mode d e f i n i t i o n ,  so they are r e i t e r a t e d  here: 

A research c r e w  c o n s i s t i n g  of s c i e n t i s t s ,  eng inee r s  and 
t e c h n i c i a n s ,  who w i l l  o p e r a t e  t h e i r  own appa ra tus  i n  space.  
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Reduced documentation and r e l i a b i l i t y  requi rements  on 
G e t t i n g  an experiment on-board should  be s imple  experiments .  

and s t r a i g h t f o r w a r d ,  w i t h i n  s a f e t y  c o n s t r a i n t s .  

Opera t iona l  f l e x i b i l i t y ,  which i s  provided  through a 
number of o p e r a t i o n a l  and hardware s p e c i f i c a t i o n s  i n  t h e  
S h u t t l e  des ign .  

are d e s c r i b e d  below. Obviously there a r e  t r a d e - o f f s  t o  be made, 
and a l l  mi s s ions  cannot  provide a l l  f e a t u r e s .  However, f a i l u r e  
t o  p rov ide  f o r  very many of these w i l l  s e r i o u s l y  j eopa rd ize  t h e  
sortie-mode p o t e n t i a l  of t h e  S h u t t l e  t o  accomplish good r e s e a r c h  
and development. 

These o p e r a t i o n a l  hardware des ign  s p e c i f i c a t i o n s  

Local Ver t ica l  S t a b i l i z a t i o n  - The a v a i l a b i l i t y  of t h i s  
a t t i t u d e  i s  necessary  for ear th- looking  experiments  , and may be 
t h e  p r e f e r r e d  mode for  zero-g exper iments .  

t u d e  i s  necessa ry  f o r  astronomy and other out - looking  experiments .  
I n e r t i a l  S t a b i l i z a t i o n  - The a v a i l a b i l i t y  of t h i s  a t t i -  

On-orbit  T i m e  of Two t o  Four Weeks - A l a r g e  amount of 
research can be accomplished i n  less t i m e ,  b u t  t h e  s h u t t l e  poten- ~ ~-~~ 

t i a l  i s  s e v e r e l y  compkomised, e s p e c i a l l y  i n  t h e  b i o l o g i c a l  
s c i e n c e s ,  i f  more than  one week on o r b i t  is  n o t  p o s s i b l e .  I 
assume t h a t  a minimum of two days,  and p o s s i b l y  as many a s  f o u r  
t o  f i v e ,  w i l l  be  consumed w i t h  space-adapta t ion ,  unstowage, 
equipment check-out and c a l i b r a t i o n ,  and stowage f o r  r e e n t r y .  
Such o p e r a t i o n a l  overhead has a major impact on a seven-day 
m i s s  ion.  

T h e  main area r e q u i r i n g  longe r  on -o rb i t  t i m e  i s  t h a t  
of b i o l o g i c a l  experimentat ion.  Some examples are: 

Sprou t  seeds a t  zero-g, t h e n  fo l low t h e i r  growth i n  a 
c e n t r i f u g e  a t  v a r i o u s  g l e v e l s .  

U s e  radioactive t r a c e r s  t o  s t u d y  biosystems a f t e r  
zero- g a d a p t a t i o n .  

Study p rocesses  r e q u i r i n g  complete e q u i l i b r a t i o n ,  such 
as:  calcium turnover ;  water and hormone ba lance ;  d i e t a r y  
requi rements ;  accumulat ion of t o x i n s .  

requi rements  and g r a v i t y  sensor a d a p t a t i o n .  
Study s l o w  nervous system changes, such as s l e e p  
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Study biorhythms, which r e q u i r e  s e v e r a l  days t o  change, 
and t h e n  more than  a week t o  accumulate meaningful s ta t i s t ics .  

Any ana lyses  of h i g h e r  s p e c i e s ,  such as b i r d s  o r  m a m m a l s ,  
r e q u i r e  weeks. 

I n  a d d i t i o n  t o  b io logy ,  several  as t ronomica l  t i m e  
scales are longe r  than  a week: so la r  r o t a t i o n  i s  about  one 
month; t h e  mean p e r i o d  o f  v a r i a b l e  stars i s  about  t w o  weeks. 
Some c r y s t a l  growth experiments  may a l s o  r e q u i r e  more than  
one week. 

Launch t o  a Var i e ty  of  Orb i t s  - An impor t an t  a s p e c t  of  
t h e  S h u t t l e ' s  o p e r a t i o n a l  f l e x i b i l i t y  i s  t h e  a b i l i t y  t o  launch 
t o  a v a r i e t y  of  o r b i t s  ( d i f f e r e n t  i n c l i n a t i o n s ,  a l t i t u d e s ,  
e c c e n t r i c i t i e s ,  nodes ) .  A continuum of  p o s s i b i l i t i e s  i s  n o t  
r e q u i r e d ,  b u t  t h e  sof tware  should be provided for  a large 
v a r i e t y .  

On-orbit  Maneuverinq and O r i e n t a t i o n  - Considerable  
f l e x i b i l i t y  i s  needed h e r e .  A t t i t u d e  changes w i l l  be necessary  
f o r  a s t ronomica l  obse rva t ions .  Experiments r e q u i r i n g  very 
s m a l l  g f o r c e s  f o r  long p e r i o d s  w i l l  need t o  have t h e  S h u t t l e  
f l y  around them, compensating f o r  d rag  f o r c e s .  Minor o r b i t  
changes may be  r e q u i r e d  f o r  some ea r th - look ing  r e s e a r c h .  

General  Purpose Ai r locks  - For u t i l i t y ,  economy arid 
s a f e t y ,  t h e  S h u t t l e  s o r t i e  module  should  provide  s e v e r a l  g e n e r a l  
purpose a i r l o c k s  of  about  3/4-meter a p e r t u r e .  T h e  i n v e s t i g a t o r  
who wants t o  deploy an ins t rument  i n  t h e  space  vacuum need on ly  
have an  in-vacuum i n t e r f a c e  i f  an a i r l o c k  "can" i s  provided ,  
a long  w i t h  a deployment mechanism (and s t a b i l i z e d  p l a t fo rm,  
when r e q u i r e d ) .  This  a p e r t u r e  i s  large enough t o  deploy h a l f -  
meter o p t i c a l  t e l e s c o p e s ,  t o  e j ec t  sounding r o c k e t  payloads ,  
and t o  deploy o t h e r  u s e f u l  appa ra tus .  

A c c e s s  t o  Center  o f  Gravi ty  by Experimenters  - Very low 
-4 a c c e l e r a t i o n s  ( ~ 1 0  

i n  materials s c i e n c e  and i n  b iosc i ence .  Such low a c c e l e r a t i o n s  
are p o s s i b l e  only  a t  t h e  S h u t t l e  CG. This  w i l l  n o t  be p o s s i b l e  
i f  t h e  s o r t i e  module i s  p r o t r u d i n g  f r o m  t h e  S h u t t l e .  

t o  10-5g) are r e q u i r e d  f o r  some experiments  
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Other  impor tan t  c o n s i d e r a t i o n s  a r e :  

Con t ro l  Moment Gyro S t a b i l i z a t i o n  - Some s e n s i t i v e  
experiments  may r e q u i r e  C M G ' s  i n  l i e u  ot t h r u s t e r s  ( e .g . ,  
astronomy, t o  avoid contaminat ion ,  and materials s c i e n c e ,  
t o  provide  minimum a c c e l e r a t i o n  and "dead band" d i sp lacemen t s )  . 
I t  should  be p o s s i b l e  t o  p l a c e  C M G ' s  i n  t h e  s o r t i e  module, 
a t  t h e  expense o f  payload ,  when r e q u i r e d .  

C r e w  S i z e  of Seven t o  Ten - The s o r t i e  module should  
nominal ly  provide  f a c i l i t i e s  f o r  seven t o  t e n  r e s e a r c h e r s .  
I n  many cases, an exper iment ,  o r  e n g i n e e r i n g  t e s t ,  would be  
done by a team of 2 ( o r  even 3 )  r e s e a r c h e r s ,  t o  maximize on- 
board ''knowhow". The S h u t t l e  i s  more e f f e c t i v e l y  used i f  i t  
can h o u s e  several d i f f e r e n t  i n v e s t i g a t i o n s  a t  t h e  same t ime.*  
C e r t a i n l y ,  t h e  S h u t t l e  must compete f avorab ly  wi th  sounding 
r o c k e t s  i n  more than  j u s t  o b s e r v h g  t i m e .  ( T h a t  i s ,  i f  a 
S h u t t l e  launch costs $5M, then  it must be weighed a g a i n s t  t h e  
f a c t  t h a t  $5M w i l l  fund a t  l e a s t  1 0  d i f f e r e n t  sounding r o c k e t  
r e s e a r c h  teams. ) 

S u b - s a t e l l i t e  Launch and R e t r i e v a l  - Although it w i l l  
n o t  be  a major sortie-mode o p e r a t i o n ,  it would be u s e f u l  t o  be  
a b l e  t o  deploy s m a l l  s u b - s a t e l l i t e s  ( e . g . ,  sounding r o c k e t  
pay loads )  through t h e  a i r l o c k s .  I f  i t  i s  f e a s i b l e ,  r e t r i e v a l  
could  provide  f o r  reduced cost  of  exper imenta l  appa ra tus .  

I V .  FUTURE GROWTH 

The s o r t i e  mode module env i s ioned  i n  t h i s  d i s c u s s i o n  
u t i l i z e s  t h e  e n t i r e  payload bay. A i r l o c k  ' 'cans" p r o t r u d e  i n t o  
t h e  work area. The l i v i n g  a r e a  accommodates up t o  1 0  s c i e n t i s t s  
o r  eng inee r s .  This  "gene ra l  purpose" module would be u s e f u l  f o r  
a large v a r i e t y  of space r e sea rch  and development f o r  decades.  
I n  astronomy, f o r  example, t h e  u s e f u l  r e s e a r c h  t h a t  can be done 
wi th  a modest ha l f -meter  t e l e s c o p e ,  w i l l  never  be exhaus ted .  
The planned 3-meter space t e l e s c o p e  should be used only  f o r  
r e s e a r c h  which r e q u i r e s  i t s  g r e a t  r e s o l v i n g  and l i g h t - g a t h e r i n g  
power. 

*One ''team" can c e r t a i n l y  perform more than  one "experiment" .  
For example, a t e a m  of t h r e e  b i o l o g i s t s  might o p e r a t e  s e v e r a l  
d i f f e r e n t  b i o l o g i c a l  experiments .  
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Figure  1 shows how t h e  s o r t i e  module concept  might 
grow. A 2/3  l e n g t h  g e n e r a l  purpose module could  be combined 
wi th  a d e d i c a t e d ,  s p e c i a l  purpose module. A v a r i e t y  of t h e s e  
are shown: 

An a i r l o c k  module, whose whole t o p  opens t o  expose 
a l a r g e r  ( e .g . ,  1-meter) t e l e scope  o r  l a r g e  cosmic r a y  e x p e r i -  
ment, o r  t o  deploy a l a r g e  s u b - s a t e l l i t e .  

A l a b o r a t o r y  module, which would be completely o u t f i t t e d  
as a b i o s c i e n c e  f a c i l i t y  o r  as a p h y s i c s  o r  materials s c i e n c e  
f a c i l i t y  . 

An i n s t i t u t i o n a l  module, which might belong t o  such 
o r g a n i z a t i o n s  as NRL, N I H ,  ESSA, ESRO. 

A f r e e - f l y i n g  module, which i s  manned when i n  t h e  
payload bay, t h e n  deployed f o r  r e t r i eva l /mann ing  on a l a t e r  
f l i g h t .  T h i s  would be p a r t i c u l a r l y  u s e f u l  f o r  b io logy  expe r i -  
ments and e n g i n e e r i n g  development t es t s ,  where l ong ,  unmanned 
p e r i o d s  would be d e s i r a b l e .  

V. SUMMARY 

I have t r i e d  t o  expres s  a p o i n t  of view about  t h e  
Space S h u t t l e  s o r t i e  ope ra t ion  which might be r e p r e s e n t a t i v e  
of t h e  o p i n i o n s  of an o u t s i d e  science o r  eng inee r ing  ad+-  Laor. 

The a t t empt  h a s  been t o  p o i n t  o u t  t h e  p o t e n t i a l  of 
t h e  s o r t i e  mode t o  break away from t r a d i t i o n a l  space  research 
dogma (both  manned and unmanned) and p a t t e r n  i t s  approach more 
n e a r l y  l i k e  t h e  NASA a i r b o r n e  r e s e a r c h  programs. 

The key t o  t h i s  new way of doing space  research i s  
a b i l i t y  of t h e  Space S h u t t l e  t o  suppor t  

0 A r e s e a r c h  c r e w  c o n s i s t i n g  of s c i e n t i s t s ,  e n g i n e e r s ,  
and t e c h n i c i a n s  ; 

0 The f l i g h t  o f  inexpens ive ,  n o t  n e c e s s a r i l y  h i g h l y  
r e l i a b l e  exper iments ,  w i t h  m i n i m a l  r e d  t a p e  and d e l a y s ;  

0 F l e x i b l e  o p e r a t i o n ,  provided through a number of 
o p e r a t i o n a l  and hardware c o n s t r a i n t s  which are designed i n t o  
t h e  S h u t t l e .  
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I t  i s  c r u c i a l  t h a t  t he  Space S h u t t l e  be des igned  a t  
t h i s  t i m e  i n  a manner t h a t  w i l l  i n s u r e  t h a t  f u t u r e  o p t i o n s  and 

Attachment 
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